In this paper, interference mitigation through downlink power control is considered for cellular network based 
Introduction
The number of mobile subscriber has increased tremendously in recent years. Nowadays mobiles are not only used for phone calls (voice traffic), but they can be also connected to the internet and provide a wide range of data services. On the other hand, traffic is growing quickly and mobile users expect data performance similar to fixed lines. For these reasons, major effort has been spent in recent years on the development of next-generation wireless communication systems that will bring higher data rates and system capacity.
As more and more new mobile multimedia rich services are becoming available to larger audiences there is an ever increasing demand for higher data rate wireless access. This demand is to be met with new technologies under the scope of IMT-Advanced, in future releases of 3GPP Long Term Evolution (LTE) and WiMAX2, among others. An aspect worth considering in the design of these systems is the emergence of high data rate local services. In [1] - [3] it has been proposed to handle the local peer-topeer traffic in a reliable, scalable, and cost-efficient manner by enabling direct device-to-device (D2D) communication as an underlay to the IMT-Advanced cellular network.
Device-to-device (D2D) communication is the technology enabling mUEs to directly communicate with each other without help of macro base station (mBS). D2D communication can offload the traffic handled by mBS and reduce end-to-end transmission delay since end users are able to directly exchange data without intervention of mBS.
However, in orthogonal frequency division multiple access (OFDMA) cellular network, D2D users can transmit data, while sharing the same sub-channels the sets of subcarriers with cellular users at the same time. Then, cellular links can be seriously interfered by the D2D links in the same resource, and the cellular network can fail to provide stable services to the users. Thus, resource management is important to guarantee that the D2D radios coexist with cellular networks not generating harmful interference to cellular users [4] - [6] .
To solve this problem, research on reducing interference between D2D links and cellular links in cellular network supporting D2D communication was conducted. When earlier studies are examined, in [4] , they suggested the technique of using D2D links' channels first if frequency bands were not already being utilized in the mBS, and observing the D2DRs' channel status if all frequency bands are used and getting assigned the best channel from mBS. Also, in [7] , the technique of measuring one's own channel gain and the channel gain till mUE that uses an applicable channel, and assigns the lowest gaining channel to the D2D terminal, was suggested, but such studies focus on the cell center interference control and do not improve the performance of mUEs for the cell edge. Also, they are not designed to respond to strong signals that are received from the cell center for D2DRs. Therefore, this study propose the schemes, which has performance improvements for the cell-edge of the cellular link and low complexity that makes it possible to respond to a strong signal at the cell center. As shown in Figure 1 ~ 4, we initially conducted an experiment in order to examine the interference effect between D2D network and cellular system and between D2D networks. The experiment environment was set as 7 th multi-cell, and the experiment was conducted in the number of 200 D2DRs with different D2D sender (D2DS) Tx power (D2DS  ). Experiment results showed that without D2D network always has the same performance. However, the results of the D2D network decrease as D2DS  increases due to the increasing interference from the D2DSs. In addition, If D2D links exist in a macrocell, the signal strength of each D2D link will be different depending on the location of D2D link. In other words, D2D links get interfered a lot at the center of mBS by the strong signal coming from mBS and get less interference from mBS as approaching the cell boundary. On the contrary, mUEs can make a communication with strong signal inside macrocell where D2D links exist, but its performance Distributed Power Control Mechanisms in an LTE-Advanced System with Device-to-Device Network Tae-Sub Kim, Seung-Yeon Kim, Seungwan Ryu, Hyong-Woo Lee, Choong-Ho Cho gets lowered as approaching the cell boundary. This indicates the unfair performance in each area. Through this result, we can recognize we have to allocate optimized power rather than Tx power of D2D link fixed for each area. Since the power of each area can influence on the density of D2D links, it is necessary to adjust adaptively the power according to the density of D2D links. In this paper, power control schemes are proposed to minimize the interference by each region between cellular and D2D communications.
In this paper, we propose power control schemes, called density based power control (DPC), and region density based power control (RDPC). In the proposed schemes, the transmit power of the D2D sender (D2DS) is based on a simple function of the distance by region from the macrocell and D2D users' density. The key idea behind the adaptive power control schemes are to adjust the transmit power of the D2DSs so as to just achieve their target data rates for mUEs. The target rate, in turn, is computed by the network to balance the degradation in macrocell performance. We analyze and compare the two schemes and the conventional fixed power scheme in terms of the system throughput for downlink and outage probability according to the number of D2D receivers (D2DRs). Simulation results show that the RDPC scheme has better performance than the DPC and conventional fixed power scheme performance in terms of the system throughput and outage probability for mUEs.
Interference Scenarios
As shown in Figure 5 , we consider two types of interference that occur in a two-tier (Inter-tier and Intra-tier) D2D network architecture. Inter-tier type of interference occurs among network elements that belong to the same tier in the network. In the case of a D2D network, Inter-tier interference occurs between neighboring D2D links. Intra-tier type of interference occurs among network elements that belong to the different tiers of the network, i.e., interference between D2D links and macrocells. Interference Signal Figure 5 . Interference Scenarios D2D links are deployed over the existing macrocell network and share the same frequency spectrum with macrocells. Due to spectral scarcity, the D2D links and macrocells have to reuse the total allocated frequency band partially or totally which leads to inter-tier or co-channel interference. At the same time, in order to guarantee the required QoS to the mUEs, D2DRs should occupy as little bandwidth as possible that leads to intra-tier interference. As a result, the throughput of the network would decrease substantially due to such inter-tier and intra-tier interference. Figure 5 illustrates all possible interference scenarios in an OFDMA-based D2D network. If an effective interference management scheme can be adopted, then the inter-tier interference can be mitigated and the intra-tier interference can be reduced which would enhance the throughput of the overall network.
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System Model

System Topology and Path Loss Model
As shown in Figure 6 , we consider a system topology with 7 hexagonal macrocells where the intersite distance is D   designated in meters (m) to analyze the performance. We assume that each mBS is located at the center of each macrocell and has cell identification (ID). For example, an mBS with cell ID = i is described as mBS  . mUEs and D2DSs are randomly deployed in the macrocell coverage and are stationary. In each cell, D2DSs are distributed in randomly deployed in D2D link range, and D2DRs are separated from their corresponding D2DSs with distance q, where q is uniform random variable in [1 20 ] m. The target cell is the center macrocell, mBS  , and interfering neighbor mBSs to mUEs and D2DSs in each cell site of mBS  . Also, each region has the same area. We consider a path loss model for mUE and D2DR [8] [9] , where PL   , is the link between the mBS  and the m-th mUE, mUE , , in the coverage of mBS  and PL  ,, is the link between the j-th D2DS and the h-th D2DR, D2DR ,, , in the j-th D2DS coverage of mBS  , as shown in (1) and (2) . The path-loss is modeled according to the micro-urban models ITU-R report [10] . We apply different path-loss models to D2DRs and mUEs as given in Eqs. (1) and (2) . The path-losses of the micro-urban models for D2DRs (PL  ,, ) and mUEs (PL   , ) are expressed as 
Where d represents distance between a sender and a receiver, and f  represents carrier frequency of the system.
Physical Frame Structure and Signal to Interference and Noise Ratio (SINR) Model
The physical frame structure in our D2D network is the orthogonal frequency division multiple access (OFDMA)-frequency division duplex (FDD). The length of each frame is 10ms and a frame consists of 10 sub-frames. Also, each sub-frame has two slots (a slot is 0.5ms) and each sub channel per slot is the unit of resource block (RB) [11] but in this paper we named it as a sub-channel per symbol RB. The numbers of sub-channels and symbols are S and Z, respectively.
The SINR model is defined as the ratio of a signal power to the interference power for the b-th RB in the a-th sub-channel, RB , . We assume that X mBSs are placed in a given area and Y D2DSs are 
, , Figure 7 , we can find that there can be difference in mUE's performance depending on the density and the Tx power of D2D link. Hence, DPC scheme proposed in this paper is a method to adjust the Tx power of D2D links according to the density of D2D link. In order for DPC scheme to guarantee the performance of mUEs that had a priority in our system, we searched the most optimized power of D2D link, as shown in Figure 7 , that guaranteed 90% of system throughput of mUEs in the environment where D2D link didn't exist. Distributed Power Control Mechanisms in an LTE-Advanced System with Device-to-Device Network Tae-Sub Kim, Seung-Yeon Kim, Seungwan Ryu, Hyong-Woo Lee, Choong-Ho Cho However, DPC scheme has a unfair performance by region depending on the location of D2D link, as shown in Figure 1~4 .
The second scheme, called 'RDPC', is a method to adjust the Tx power of D2DS according to the location of each region and the density of D2D link in order to solve the unfairness in each region of DPC scheme. As shown in Figure 8 ~ 10, we could obtain the most optimized power of D2D link that guaranteed 90% of system throughput of mUEs in the environment where D2D link didn't exist (Region1~Region3). We analyze the throughputs for mUE , and D2DR ,, , T   , and T  ,, , using the Shannon theorem as expressed in (5) and (6) . 
Where, ξ , is a binary value and ξ , = 1 else ξ , = 0 if the RB , is used by the mUE , and D2DR ,, .
The system throughputs for mBS and all D2DS, T  , and T , , in the i-th macrocell are calculated by (7) and (8). 
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We also analyze the outage probabilities, O  , and O , , for mUEs and D2DRs in the i-th macrocell coverage and those are calculated by (9) . are the numbers of SINR values less than -6dB considering a bit error rate less than 10  [12] for mUEs and D2DRs, respectively.
Performance Evaluation
We investigated the DL performance of the proposed resource allocation scheme in terms of the system throughput and outage probability of mUEs and D2DRs for D2D networks using a Monte Carlo simulation. We performed 10,000 independent simulations and evaluated system performance according to the number of mUEs in the analysis. The values of X, S, Z, Y, L, and F are 7, 5, 10, 10~200, 30, and 1, respectively. We assume that the mBS and D2DSs allocate only one RB for each mUE and D2DR, respectively. The mBS does not allocate the same RBs to mUEs in the same cell but D2DSs allocate randomly one RB in allocated channel groups for each D2DR. Log-normal shadow fading is considered with zero mean and standard deviations of 8dB for the link between the mBS and mUEs, and 9dB for the link between the D2DS and D2DRs but multi-path fading is not considered. Table 1 gives the key parameters. We compare the performance of the proposed scheme to the network without D2D links and a scheme which fixed power control scheme (conventional scheme) for D2D links.
We compare the performance of the proposed scheme to the network without D2D links and a conventional scheme which allocate fixed power to D2D links. Figure 11 describes the results of T  , , as the number of D2DRs increases. The traditional cellular system that is without D2DSs (Figure 11 broken line) always has the same performance, about 18.25Mbps. However, the results of the D2D networks (Figure 11 unbroken line) decrease with the number of D2DSs. The proposed schemes have better performance of T  , than those of the conventional scheme. The results of the proposed DPC and RDPC schemes with 200 D2DRs are approximately increased by 20% and 18% compared to those of the conventional scheme, respectively.
System throughput of mUEs in the proposed DPC scheme is higher than in the RDPC scheme. However, As shown in Figure 13 , the total system throughput (T  , + T , ) of mUEs in the RDPC scheme is higher than the DPC scheme Figure 12 describes the system throughputs of D2DRs (T , ). System throughput of D2DRs in the conventional scheme is higher than the other schemes. However, According to the result shown in Figure 21 , we can recognize all the schemes have similarly low performance of outage probability. This indicates that D2D service can be possible in the system while securing the performance of the users with higher priority. Figure 14 ~ 19 describes the system throughput by each region as the number of D2DRs increases. All T  , for the proposed schemes are higher than those of the conventional scheme. Also, all T , for the proposed schemes are lower than those of the conventional schemes. As explained above, this is due to the uniqueness of the scheme proposed to secure the performance of the users (mUEs) with higher priority in the system. Distributed Power Control Mechanisms in an LTE-Advanced System with Device-to-Device Network Tae-Sub Kim, Seung-Yeon Kim, Seungwan Ryu, Hyong-Woo Lee, Choong-Ho Cho and 26% compared to those of the conventional scheme, respectively. Outage probability of mUEs in the proposed DPC scheme is lower than in the RDPC scheme. However, As shown in Figure 22 , the total outage probability (O  , + O , ) of mUEs in the RDPC scheme is lower than the DPC scheme Figure 21 describes the outage probability of D2DRs (O , ), Outage probability of D2DRs in the conventional scheme is lower than the other performance schemes. However, There is little difference in its performance.
Figure 23 ~ 28 describes the outage probability by each region as the number of D2DRs increases. All O  , for the proposed schemes are lower than those of the conventional scheme. Also, all O , for the proposed schemes are higher than those of the conventional schemes. As explained above, this is due to the uniqueness of the scheme proposed to secure the performance of the users (mUEs) with higher priority in the system. 
Conclusion
In this paper, we proposed novel power control schemes to enhance the DL system performance for D2D networks. In the proposed schemes, the transmit power of the D2D sender (D2DS) is based on a simple function of the distance from the macrocell and D2D users' density. The key idea behind the adaptive power control schemes are to adjust the transmit power of the D2DSs so as to just achieve their target data rates for mUEs.
Simulations showed the proposed schemes outperform D2D networks with fixed power scheme in terms of system throughput and outage probability for mUEs. We know that 2  is one of the key problems for D2D networks. Thus, we plan to study the improved resource allocation scheme considering Tx power management and the efficiency frequency planning of D2DSs to enhance system performance in future works. Distributed Power Control Mechanisms in an LTE-Advanced System with Device-to-Device Network Tae-Sub Kim, Seung-Yeon Kim, Seungwan Ryu, Hyong-Woo Lee, Choong-Ho Cho
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